Very few countries in the world use languages that can be written in both ideogram, a graphic record of a meaning, and phonogram, a graphic record of a sound. Reading or writing impairment of these two written systems after brain damage may provide information about whether or not phonogram and ideogram are mediated in different brain regions.
INTRODUCTION
Very few countries in the world use languages that can be written in both ideogram, a graphic record of a meaning, and phonogram, a graphic record of a sound. Reading or writing impairment of these two written systems after brain damage may provide information about whether or not phonogram and ideogram are mediated in different brain regions.
Many studies of phonogram and ideogram originated from Japanese in which dual orthographic system is employed; Kana (phonograms) and Kanji (ideograms) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Japanese authors have found a double dissociation between Kana and Kanji impairments in brain-damaged patients and reported that Kanji is processed mainly in left posterior inferior temporal area (4) (5) (6) (7) (8) (9) . On the contrary, there have been few studies on Korean written language (13, 14) , another orthographic system that also uses both phonogram (Hangul) and Chinese ideogram (Hanja). We report a man with alexia and agraphia for Hanja but intact reading and writing for Hangul after a left posterior inferior temporal lobe infarction. Interestingly, the patient was an expert in Hanja as he had been a calligrapher over 40 years.
MATERIALS AND METHODS

Case Report
A 64-yr-old right-handed man was admitted to our department because of a blurred vision and paresthesia on the right extremities. Three days before admission, on waking up, he felt narrowed right visual field with dizziness and headache in addition to paresthesia and clumsiness in the right extremities. On the next morning, he noticed a weakness on his right arm and could not remember the names of his close friends.
His past medical history revealed a gout 13 yr before, a pneumonia 10 yr before, and hypertension for several years for which he had been on antihypertensive drugs intermittently. The history of diabetes mellitus or episodes of stroke was denied. He was a social drinker and non-smoker. He was educated for 12 yr and learned Hanja since childhood. He had been a Hanja calligrapher over 40 yr and he once received an award in a famous national calligraphy contest.
On physical examination, blood pressure was 150/100 mmHg but heart beat was regular. He was fully conscious and oriented to time, place, and person. He scored 27/30 on Korean written language is composed of ideogram (Hanja) and phonogram (Hangul), as Japanese consists of Kanji (ideogram) and Kana (phonogram). Dissociation between ideogram and phonogram impairment after brain injury has been reported in Japanese, but few in Korean. We report a 64-yr-old righthanded man who showed alexia with agraphia in Hanja but preserved Hangul reading and writing after a left posterior inferior temporal lobe infarction. Interestingly, the patient was an expert in Hanja; he had been a Hanja calligrapher over 40 yr. However, when presented with 65 basic Chinese letters that are taught in elementary school, his responses were slow both in reading (6.3 sec/letter) and writing (8.8 sec/letter). The rate of correct response was 81.5% (53 out of 65 letters) both in reading and writing. The patient' s performances were beyond mean-2SD of those of six age-, sex-, and education-matched controls who correctly read 64.7 out of 65 and wrote 62.5 out of 65 letters with a much shorter reaction time (1.3 sec/letter for reading and 4.0 sec/letter for writing). These findings support the notion that ideogram and phonogram can be mediated in different brain regions and Hanja alexia with agraphia in Korean patients can be associated with a left posterior inferior temporal lesion.
the Korean-version of Mini-Mental State Examination; he failed to recall 3 words presented a few minutes earlier. Cranial nerve examination showed right homonymous hemianopsia. Other neurologic examinations were significant for hypesthesia in the right limbs and hyperreflexia with Babinski sign on the right. Motor power and cerebellar function were intact and no carotid bruits were present.
Blood tests including VDRL, and coagulation battery were within normal ranges except for blood sugar before meal (122 mg/dL) and 2 hr after meal (140 mg/dL), and HbA1c (7.10%), which indicated mild diabetes mellitus. Echocardiography showed dilated cardiomyopathy, while 24-hr holter monitoring was normal. Brain magnetic resonance imaging (MRI) performed 2 days after admission disclosed an infarct involving left lingual and fusiform gyri and a lacune in the left thalamus (Fig. 1) .
The Korean-version of the Western Aphasia Battery (15) was performed 3 days after admission. Spontaneous speech was fluent (9/10) despite intermittent hesitancy and paraphasia. Comprehension (9.3/10) and repetition (9.3/10) of spoken language were functional. However, his naming ability was moderately impaired (6.4/10). To evaluate naming function in more detail, the Korean-version of the Boston Naming Test (K-BNT) (16) was performed and he marked only 17/60, which was below 1 percentile. Naming difficulty was also extended to proper nouns; he even failed to name his grandsons and granddaughters. Collectively, his language abnormalities were consistent with anomic aphasia.
Hangul can be arrayed vertically as well as horizontally. When presented with paragraphs, the patient preferred reading paragraphs with vertical orientation to those with horizontal orientation, which was probably explained by his right homonymous hemianopsia and neglect dyslexia. Otherwise his reading performance for Hangul was flawless. The patient was also excellent in writing Hangul except that he occasionally made regularization errors in writing words with irregular orthography (e.g. '값어치' was written as '가버치' ).
Neuropsychological assessment was performed eight days after admission and the results are presented in Table 1 . In summary, the patient had mild memory disturbance and decreased semantic word fluency in addition to naming difficulty. Other test not presented in Table 1 was a test for color agnosia. He could not name 7 out of 10 different colors but when a pair of the 10 colors were presented randomly on the table and asked to match them, he had no impairment. Thus he was considered to have color anomia rather than color agnosia. Tests for prosopagnosia or object visual agnosia were not performed.
Hanja reading and writing
The patient and six age-and education-matched control subjects received Hanja reading and writing tests as follows. Controls consisted of only men who had no previous neurologic or psychiatric illness. They were aged 69.0±13.1 yr (range, 55 to 88) and educated for 12.5±3.8 yr.
For Hanja reading, we presented 65 Chinese letters that were selected from 100 basic letters taught in elementary school (Appendix). Each letter was printed in black with a font size 170 (5×5 cm) on a white card (10.5×10 cm in size). The examiner measured the time in sec from the presentation of the card to the subject' s response. If the subject responded "I don' t know"or if 10 sec elapsed before the response, it was considered incorrect.
Hanja reading was followed by Hanja writing that was performed with the same 65 letters used in reading. When given the meaning and the sound of the letter (for instance, 'east' and /dong/ for ' ' ), the subject was to write it down. As in the reading tasks, if the subject responded "I don' t know"or if 10 sec elapsed before the response, it was considered incorrect. The examiner also measured the reaction time in seconds from the presence of card to the completion of subject' s writing.
RESULTS
Control subjects made errors only in 0.3 letters (range, 0-1) out of 65 letters in Hanja reading (correct response rate, 99.5 ±0.8%). The reaction time per letter was 1.3±0.2 (sec). Errors in Hanja writing were observed in 2.5 letters (range, 0-5) out of 65 letters (correct response rate, 96.3 (3.6%). The reaction time per letter was 4.0±0.8 (sec) ( Table 2 ).
The patient misread or made "don' t know"response in 12 letters out of 65 letters (correct response rate, 81.5%), which exceeded mean-2SD of the control subjects' performance. The mean reaction time for reading was 6.31 sec per letter, which also exceeded the reference range. In Hanja writing, the patient also made errors in 12 letters out of the 65 letters. Although the number of errors was coincidentally the same as in reading, the errors were not observed in the same letters. It took average 8.8 sec per letter for the patient to write Hanja, which was also out of reference range (Table 2) .
DISCUSSION
Our patient, after a left posterior inferior temporal lobe infarction, showed impairments in Hanja reading and writing. In contrast, Hangul reading and writing were intact. It may not be easy to determine the presence of Hanja impairment in Korean patients after a brain injury because ordinary Korean people do not use Hanja as much as they used to. Therefore it is difficult to evaluate the premorbid state of Hanja ability. Also, there is a wide variation in Hanja reading and writing capability according to the patient' s educational level. Interestingly, our patient was an expert for Hanja, who had been a Hanja calligrapher for 40 yr. Nevertheless, he could not correctly read 12 out of basic 65 Hanja letters taught in elementary school. With the same letters, he also could not write 12 out of 65 letters. In order to substantiate the patient' s results, we presented the same letters to 6 ageand education-matched control subjects. The controls made errors only in 0.3 out of 65 letters in reading and 2.5 out of 65 letters. The reaction times for reading and writing Hanja were significantly longer in the patient than in controls.
Normally Hanja reading is known to be processed by semantic as well as lexical route. Hanja alexia results from a damage in the lexical route and different behaviors would occur according to the presence or absence of disruption of semantic route. That is, patients with preserved semantic route could tell the meaning of the Chinese letters (Hanja) even if they could not read them; patients with disruption of semantic route could not even tell the meaning of the letters. Unfortunately, we did not specifically investigate whether or not the semantic route was damaged in our patient. But on a retrospective review of the videotape, our patient occasionally reported the meaning of the letters which he could not read them (in 4 out of 12 incorrectly read letters).
Studies about reading and writing impairments of Chinese letter were mostly originated from Japan (1-11). Japanese investigators reported many cases that showed a greater impairment of reading or writing in Kanji than in Kana. On the contrary, other studies demonstrated the opposite pattern, which indicates a double dissociation between Kana and Kanji processing (12, 17) . Other investigators further showed that Kanji alexia can be dissociated from Kanji agraphia (3) (4) (5) 9) . Our patient showed an impairment for both reading and writing of Hanja. If tests had been performed with more complex Chinese letters, we might have found a dissociation between reading and writing. However, this could not be done because the patient refused further tests. Multiple brain regions have been reported to be associated with dyslexia and dysgraphia of Kanji. According to the Medline search, out of the 27 reported cases of dyslexia or dysgraphia of Kanji, 15 cases had lesions in the left posterior inferior temporal area, 6 cases in the frontal area, 2 cases in the parietal area, 2 cases in the thalamus, 1 case in the frontoparietal area, and 1 case in the superior temporal area. Thus, the critical neuroanatomical structure associated with the presence of impairment of Chinese letters seems to be the left posterior inferior temporal area, which is consistent with the result of our case.
Functional activation studies using MRI or positron emission tomography (PET) are new noninvasive methods for mapping human brain functions. Recently, Nakamura et al. reported a functional MRI study that investigated cerebral activation during Kanji writing (18) . They demonstrated an activation in the left posterior inferior temporal area, reproducing the results of the previous studies. Compared to this study, the Chinese investigators obtained a rather larger extent of activation during Chinese letter reading; the left frontal, posterior inferior temporal area, right occipital, and parietal areas and cerebellum (19, 20) . A functional MRI study has been also performed in Korea, which investigated Hangul and Hanja processing (21) . The authors observed that, compared to Hanja reading, Hangul reading activated bilateral supramarginal gyri. On the other hand Hanja reading, compared to Hangul reading, activated bilateral fusiform gyri, as in studies from Japan and China, but interestingly, a greater activation was observed in the right fusiform gyri than in the left. Different brain regions might have been activated, although the same Chinese letters are used in Korea, Japan, and China, depending on the factors including the frequency of their use in everyday activities, age at the learning of Chinese letters, and whether the Chinese is primary or secondary language.
How a dual system of phonogram and ideogram is processed in the brain is not only of scientific interest but of practical concern in terms of rehabilitation. If one system is damaged, the rehabilitation can take place via the other system. Further studies about Hangul and Hanja are needed in a large number of cases.
